
DI: Diagnostic Working Group

Tail measuring devices (part1)

0) Definition of Halo / Required Dynamic Range ?

1) Wire scanners / scrapers
• KEK PS (profile) Susumu Igarashi
• LEDA (LANL) (profile + tails) J. Douglas Gilpatrick
• AGS (BNL) (profile + tails) David Gassner
• PSR (LANL) (profile + tails) Robert Macek
• SNS (Oak Ridge) (profile + tails) Saeed Assadi
• HERA (DESY) (profile + tails) Kay Wittenburg
• Yerevan, DESY (tails) Kay Wittenburg

2) IPMs / Others (Thursday)



DI: Diagnostic Working Group

(Tail) measuring devices, part II

1) Wire scanner at KEK PS (emittance) Susumu Igarashi (We)

2) IPM
• Discussion (joined with BB)
• RHIC Roger Connolly

3) Electron cloud diagnostic at PSR Robert Macek

4) Beam energy spread measurement Yun Zou

5) Tail shaping by tune modulation Christoph Montag

6) Summary
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Vertical Profile
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Tungsten targets, 2.5mm
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The nature of the beam “halo” has not yet been determined.
A normal function shown in solid blue has been fit to the
data (red x’s). A sum of two normal functions is shown in
solid black. The X-axis is scaled as scanner position in mm’s
and the Y-axis is log-amp input current in Amps.  

σA=7.016  

σB = 40.733

σ = 7.018 



Signal from electron collector
Top: laser intercepting beam core 
Bottom: laser intercepting beam tail

Signal from electron collector
Top: laser intercepting beam core 
Bottom: laser intercepting beam tail

•Reliable measurements to about 3 sigma



Tails
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Profile of a 10 nA (!) beam
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64 signal channels

High voltage lines

Beam
8 x 10 cm MCP amplifier

Electron sweep 
electrode

E, B

Alumina board with 
64 channels,  0.6 mm c-c
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Old                                                             New

The original detector was sensitive to noise sources.

1. Rf coupling to beam
2.  Radiation spray from beam loss
3.  Secondary electrons

The new IPMs (horizontal in both rings) are designed to be immune 
from these background sources. Rf coupling and electron clouds
are greatly reduced from original design.



Typical proton profile with new IPM

Profile from single measurement
with polarized proton beam. 
Detector pressure is ~2x10-9 torr.
With protons at this pressure
background is about 10% of
profile peak.
NEXT IPM

Sweep field will be increased.  
This will increase sensitivity to 
signal electrons and further 
suppress background electrons.

Internal calibration source will 
allow channel-channel gain 
uniformity.

Accurate transverse sweep field 
will permit collections of ions in 
event of large electron 
backgrounds.



e- - Cloud diagnostics in PSR

• Retarding Field Analyzer (RFA) 
– Flux striking the wall
– Time structure
– Energy spectrum of electrons striking the wall

• Electron Sweeping Detector (ESD)
– RFA with pulsed electrode to sweep low energy e’s into the RFA

• Ion pump current pulse

• Biased collection electrodes



Retarding Field Analyzer

0

0.5

1

1.5

2

0 100 200 300 400
Time (ns)

A
m

pl
it

ud
e 

(V
)

Vrep = + 25V
Beam Pulse

Vrep = - 1V

Vrep = - 30V

Vrep = - 275V

Electron Signals

Beam Pulse

Vrep = - 300V

C1

10 microfarads

C
2

10
 m

ic
ro

fa
ra

ds

R
1

10
0 

K

Collector
Repeller
Screen

Collector Bias In  +45 Volts

ED Signal Out

Repeller Bias In  +25 to -250 Volts

Beam Pipe

ED ~1.9 cm dia.

    Three Slots in Beam Pipe
Total Slot Area~1.05 square cm

Simplified RFA  Installation Sketch

fast electronics (~80 MHz)

Minimal perturbation of 
beam/wall environment

permits collecting a 
cumulative energy spectrum

Measures electrons striking the wall, not electrons remaining in the pipe

RFA signal has contributions from 
“trailing edge multipactor” and 
“captured electrons” released at end of 
beam pulse plus their secondaries

How many electrons survive in the pipe?
Important for driving e-p instability.



Electron Sweeping Diagnostic (ESD)

Short HV (~1kV) pulse
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“Prompt” electrons strike the wall peak at 
the end of the beam pulse.  Contributions 
from:

–Trailing edge multipactor
–Captured electrons released at end of 
beam pulse

“Swept” electron signal is narrow (~10 ns) 
with a tail that is not completely 
understood



Ion pump current pulse
Multipacting electrons striking 

the wall desorb gases
• An ion pump current pulse is 

observed during accumulation of 
intense beam pulses in PSR

• Simple diagnostic to implement

Effect of Intensity
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Biased Strips in a Dipole

• Signal is heavily filtered to 
suppress large induced AC 
signals from beam (up to 
100 V)

• Signal is integrated by the 
filter

Vertical Strips
(Biased wrt pipe)
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Biased electrode signals provide some 
information but are difficult to understand 
and interpret

Only devices in magnetic field regions



Flying Wire Transverse Beam Profile Monitors

•Carbon fiber of 7 µm in diameter.

•Maximum wire scanning speed of 20 m/s.

•Secondary particles from the beam-wire scattering 
are detected to reconstruct the beam profile.

•About 4 ms is necessary to scan the 



Measurements
ACCSIM 
simulations: 
0.6 ms after 
injection



which may create halo

High space charge regime











Summary
(instrumentation point of view)

Wire scanners/scrapers are state of the art in measuring tail with a huge dynamic range

IPM has to be improved, but is okay for continuous beam (turn by turn) observation

KEK PS technique shows that a wire scanner may measure fast profile changes

Other nice/fancy instruments exist to measure parameters which may drive beam tails

AC dipole: Waiting for ideas to make use of for tail measurements

Questions like: turn by turn  (bunch by bunch) measurements of 
Tune / chromaticity (on ramp) / coupling  / halo etc. 
where not answered yet, no instruments available. 

Thanks to all contributors, have a nice trip home
Kay


